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INTRODUCTION
Infections by the apicomplexan protozoa Cryptosporidium spp.
and the flagellate Giardia duodenalis are widespread in humans
and animals [1]. The complex life cycle of the former includes
cycles of asexual and sexual reproduction in the enterocytes of
the intestinal mucosa of the definitive host; mammals and birds
[2]. The life cycle of Giardia spp. in the lumen of the duodenal
region of the intestine is simpler and includes 2 main stages;
trophozoites and cysts [3]. The infectious stages, i.e., oocysts
and cysts, are released in the environment through the hosts’
feces. Ingestion of both stages from the environment by drink-
ing water or eating raw vegetables is the main transmission route
to humans and animals [1,4-6]. Among the 19 species of Cryp-
tosporidium in vertebrates other than fish, Cryptosporidium parvum
and Cryptosporidium hominis are most commonly associated
with human diseases [5,7]. The species C. parvum is recognized
as a zoonotic species. The species Giardia duodenalis is comprised
of several genotypes or assemblages; assemblage A and B geno-
types are infectious for humans, whereas assemblages C, D, and
E are infectious for animal species, including livestock, in a host-
specific manner [4,8,9]. The above mentioned species of the
genus Cryptosporidium and the genotypes of G. duodenalis have
been described as important pathogens in contaminated drink-
ing water, due to 2 main reasons: 1) their resistance and bio-
logical viability under the conventional drinking water treat-
ment conditions; 2) the occurrence of cryptosporidiosis and
giardiasis outbreaks associated with the consumption of conta-
minated water [10-12].
To the authors’ best knowledge, no cryptosporidiosis or giar-
diasis outbreaks associated with contaminated water consump-
tion have been described in Portugal. However, clinical cases
among immunocompetent patients are well known [13-17].
Both clinical situations are probably underestimated in the coun-
try due to the lack of systematic diagnosis of these parasites.
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Abstract: To understand the situation of water contamination with Cryptosporidium spp. and Giardia spp. in the northern
region of Portugal, we have established a long-term program aimed at pinpointing the sources of surface water and envi-
ronmental contamination, working with the water-supply industry. Here, we describe the results obtained with raw water
samples collected in rivers of the 5 hydrographical basins. A total of 283 samples were analyzed using the Method 1623
EPA, USA. Genetic characterization was performed by PCR and sequencing of genes 18S rRNA of Cryptosporidium spp.
and b-giardin of Giardia spp. Infectious stages of the protozoa were detected in 72.8% (206 of 283) of the water samples,
with 15.2% (43 of 283) positive for Giardia duodenalis cysts, 9.5% (27 of 283) positive for Cryptosporidium spp. oocysts,
and 48.1% (136 of 283) samples positive for both parasites. The most common zoonotic species found were G. duode-
nalis assemblages A-I, A-II, B, and E genotypes, and Cryptosporidium parvum, Cryptosporidium andersoni, Cryptosporidium
hominis, and Cryptosporidium muris. These results suggest that cryptosporidiosis and giardiasis are important public health
issues in northern Portugal. To the authors’ knowledge, this is the first report evaluating the concentration of environmen-
tal stages of Cryptosporidium and Giardia in raw water samples in the northern region of Portugal.
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Significant concentrations of the infectious stages of both par-
asites have been found in water samples collected from rivers
in the southern region of Portugal [15,18]. Also, studies on hu-
man and animal biological reservoirs indicated presence of im-
portant zoonotic species [13,14,16,19]. Systematic evaluation
of cattle, surface waters, and humans for the presence of Cryp-
tosporidium spp. and G. duodenalis as well as its genetic charac-
terization using molecular tools are fundamental steps to better
understand the epidemiology of the infection and to allow the
implementation of risk analysis models for those infections.
The present study concerns with the status of Cryptosporidium
spp. and G. duodenalis infectious stages in raw water samples of
the rivers of northern regions of Portugal.
MATERIALS AND METHODS
The northern region of Portugal
In the north of Portugal, there are 5 major hydrographical
basins forming the most important water resources of the coun-
try (Fig. 1). These hydrographical basins are named after the
main rivers; (1) Minho, (2) Lima, (3) Ca@vado, (4) Ave, and (5)
Douro (Fig. 2). Ca@vado and Ave rivers run entirely inside natio-
nal (Portuguese) borders, while Minho, Lima, and Douro are
international rivers, with sources in Spain.
Water samples 
Raw water samples were collected twice a year between January
2004 to December 2006 from 97 sources, including main rivers
and respective affluents, from upriver to downriver. The volume
of each sample ranged from 25 to 100 L. Samples were filtered
through Filta-Max filters (IDEXX Laboratories, Inc., Westbrook,
Maine, USA) with a pump on the inlet side of the filter accord-
ing to the recommendation of the manufacturer. Intact filters
were kept in refrigerated containers and transported immedi-
ately to the laboratory. The filter was taken from the container
and processed with the aid of a Filta-Max Manual Wash Station
(IDEXX Laboratories, Inc.) for further elution and concentra-
tion process, which consisted of decompression of the the fil-
ter, passing the sample through a membrane, and centrifuga-
tion. A sample pellet (around 2 ml) was obtained and transferr-
ed to a Leighton tube for subsequent immunomagnetic separa-
tion (IMS).
Parasite detection 
The IMS procedure was performed according to the USEPA
method 1623 [20]. Briefly, anti-Giardia and anti-Cryptosporidium
magnetic beads were mixed with SL Buffer A and SL Buffer B in
each Leighton tube containing the sample concentrate (Dyna-
beads GC-Combo, Invitrogen Dynal, A. S., Oslo, Norway) and
incubated 1 hr at room temperature. Then, using 2 magnetic
particle concentrators, beads were collected, washed, and trans-
ferred into a 1.5 ml tube. Fifty-ml of 0.1 N HCl were added to
each sample to dissociate beads from the target organisms, the
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Fig. 1. Geographic location of the North of Portugal and its 5 hydro-
graphical basins into Iberian Peninsula (same figure was published
in Almeida et al. Korean J Parasitol 2010; 48: 43-48).
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Fig. 2. Location of the 5 hydrographical basins in the North of Por-
tugal. 1. Minho; 2. Lima; 3. Cávado; 4. Ave; 5. Douro (same figure
was published in Almeida et al. Korean J Parasitol 2010; 48: 43-48).
beads were rejected, and the suspension was transferred to the
wells of the slides containing 5 ml of 1.0 N NaOH. The samples
were air-dried overnight and stained with FITC-conjugated anti-
Cryptosporidium spp. and anti-Giardia spp. monoclonal antibod-
ies, according the manufacturer’s instructions (Crypto/Giardia
Cells, Cellabs, Sydney, Australia). The excess of FITC-mAb was
removed by adding 100 ml of PBS to each well, leaving the slides
for 5 min, and aspirating the excess of PBS. A 50-ml aliquot of
4′-6′-diamino-2-phenylindole (DAPI) solution (0.4 mg/ml in
PBS) was introduced into each well. The slides were left at room
temperature for 15 min, and excess DAPI solution removed by
washing the slides in PBS. Slides were examined by epifluores-
cence microscope. Giardia cysts and Cryptosporidium oocysts were
indentified and counted based on their shape and size using a
Nikon Optiphot fluorescence microscope (Nikon Corporation,
Tokyo, Japan). The number of cysts and oocysts per each well
was recorded and concentrations extrapolated per 10 L of sam-
ple. Positive and negative controls were performed as indicated
by the manufacturer and recommended in the Method 1623.
The mean recovery percentages of oocysts of Cryptosporidium
spp. and cysts of Giardia spp. using the Filta-Max system and
IMS procedures from water samples is, according to the manu-
facturer, 50 ± 13% and 41 ± 79%, respectively [21].
DNA extraction, PCR and sequencing
PCR analysis was performed in the samples with the highest
density of infectious stages of both parasites detected by DFA.
The criterion utilized was the detection of a minimum of 100
cysts/oocysts of any parasite in the total sample volume. In this
context, the genetic characterization was executed in 80 sam-
ples. The cover slip was separated from the slide and with the
aid of cotton swab soaked with 100 ml of distillated water, the
surface of the slide was scraped in order to collect the sample.
It was confirmed, under microscope observation that the slide
had no remaining cysts or oocysts. The tip of the cotton swab
was cut and placed in a 1.5 ml tube for subsequent DNA extrac-
tion with a QIAamp DNA Mini Kit (QIAGEN GmbH, Hilden,
Germany), according to the manufacturer’s instructions.
For determining the species of Cryptosporidium and Giardia
present in the samples, PCR analyses were performed. A 2-step
nested PCR was performed to amplify a portion of the small-
subunit (SSU) ribosomal RNA gene of Cryptosporidium spp. [22].
For the molecular typing of Giardia spp., a semi-nested PCR
was performed to amplify a portion of the b-giardin gene [23].
For all PCR reactions, negative and positive controls were pre-
pared, with sterile water and reference DNA, respectively. The
PCR products were analyzed in agarose gel (1.4%) stained with
ethidium bromide under UV light. Images were captured with
a gel documentation system (GelDoc2000, BioRad, Hercules,
California, USA). The PCR products of the successful reaction
were purified by Wizard SV Gel and PCR Clean-up System (Pro-
mega, Madison, Wisconsin, USA) and sequenced in both strands
by an external laboratory (EUROFINS MWG OPERON, Ebers-
berg, Germany). Chromatograms were examined with the soft-
ware ChromasPro (http://www.technelysium.com.au/Chromas-
Pro.html) and the sequences with the software ProSeq (http://
www.biology.ed.ac.uk/research/institutes/evolution/software/
filatov/proseq.htm). Sequences were compared with the Gen-
Bank database with the tool BLAST (http://blast.ncbi.nlm.nih.
gov/Blast.cgi) and deposited in the database Zoop-Net of the
Med-Vet-Net network (http://www.medvetnet.org/cms/).
RESULTS
IMS and DFA detection of infectious stages of
Cryptosporidium spp. and G. duodenalis
The number of validated raw water samples in this study was
283. Environmental stages of the protozoa were detected in
72.8% (206 of 283) of the water samples, including 15.2% (43
of 283) positive for cysts of G. duodenalis, 9.5% (27 of 283) for
oocysts of Cryptosporidium spp., and 48.1% (136 of 283) for
both parasites. In Fig. 3, the percentages of positive and nega-
tive samples from the 5 hydrographical basins are shown indi-
vidually. The Ave basin showed the highest percentage of posi-
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Fig. 3. Distribution of the results obtained by Method 1623 EPA,
USA, for infectious stages of Cryptosporidium spp. and Giardia
duodenalis in water samples collected in 5 hydrographical basins.
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tive samples; 90.2% of the samples were positive. Minho basin
showed the lowest percentage of positive samples, even though
this value was more than 64%. In all the 5 hydrographic basins,
the co-presence of Cryptosporidium and Giardia counted for the
majority of positive samples, with the exception of Minho basin
in which Giardia positive samples were slightly more than Cryp-
tosporidium and Giardia positive samples. In the cases where
both parasites were present in the same sample, the number of
G. duodenalis cysts always outnumbered Cryptosporidium spp.
oocysts. We also found no correlation between the concentra-
tions of both parasites, meaning that, when the concentration
of Giardia cysts is high, Cryptosporidium oocysts are not neces-
sarily high (data not shown). Furthermore, the range of the con-
centrations of G. duodenalis cysts was much higher than Cryptos-
poridium spp. oocysts (0.17-50,000 cysts per 10 L and 0.2-726.1
oocysts per 10 L, respectively). In positive water samples, no
empty (i.e., without internal characteristics, or ghosts) or DAPI
negative Cryptosporidium spp. oocysts or G. duodenalis cysts were
found.
In all cases, it was possible to observe an increase of parasite
load from upriver to downriver. The majority of water samples
from the international rivers (Minho, Lima, and Douro) collect-
ed at the border with Spain was negative.
Genetic characterization of species and genotypes isolated
By PCR, it was unable to amplify DNA extracted from slides
containing less than 100 oocysts of Cryptosporidium and less than
100 cysts of Giardia. Furthermore, positive amplifications over
3 replicates were never obtained when the number of cysts and
oocysts was less than 1,000 per slide. With this criterion, of all
the positive IMS samples, PCR amplification was performed
over 80 samples.
Genetic characterization was successful in 8 samples for G.
duodenalis and 20 samples for Cryptosporidium spp. In 59 sam-
ples, PCR amplification was not successful. A summary of the
PCR results is shown in Table 1. Cryptosporidium andersoni was
found in 16 samples, Cryptosporidium parvum in 2 samples, Cryp-
tosporidium hominis in 1 sample, and Cryptosporidium muris in 1
sample. G. duodenalis assemblage A-II was found in 4 samples,
assemblage B in 1 sample, and in the remaining 3 samples ass-
emblages A, B, and E were found.
DISCUSSION
The results of the present study indicate that the infectious
stages of Cryptosporidium spp. and G. duodenalis are widely dis-
tributed in the rivers of northern Portugal in very significant
concentrations. Curiously, G. duodenalis cysts always outnum-
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Sample Sampling site
Number of oocysts (C)
and cysts (G) detected
Giardia duodenalis
assemblages
Cryptosporidium
species
51 B Ponte do Bico R. Homem 398G - 334C C. andersoni
53 B Ribeira de Panoias 25000G - 35C A - I & B C. andersoni
55 B Ribeira de pontes Barcelos 511G - 1955C C.andersoni
56 B Jusante Etar de Barcelos 11,000G - 96C C. andersoni
58 B Foz do Cávado-Barca do Lago 5754G - 98C C. andersoni
60 B Eta Areias de vilar r. Cávado 2313G - 32C A-II C. hominis
66 B Rio Selho Pte Branda)o 6590G - 90C A-II
67 B Foz do Vizela/Rebordo)es 2178G - 46C B C. andersoni
68 B Ponte da Trofa/R Ave 2146G - 1211C A & B & E C. andersoni
69 B Ponte do Ave/R Ave 1022G - 84C A & B & E C. andersoni
70 B Foz do R Este/Arcos/Vila Conde 855G - 262C A-II C. andersoni
79 B Eta de Ferreira 5396G - 44C A-II C. andersoni
80 B Albufeira Alto Cávado 221G - 37C C. parvum
98 B Foz do Sabor/CabeCa boa 233G - 16C C. parvum
105 B Foz do Sousa-Gondomar 1192G - 33C C. andersoni
132 B Ponte do Bico R. Homem-Bruta 526G - 11C C. andersoni
139 B Jusante Etar de Barcelos 1101G - 4C C. andersoni
141 B Foz do Cávado-Barca do Lago 686G - 13C C. andersoni
147 B Ponte do Ave/R Ave 1,131G - 56C C. andersoni
148 B Foz do R Este/Arcos/Vila Conde 449G - 494C C. andersoni
154 B Ponte do Branda)o-Rib do Selho 5128G - 229C C. muris
Table 1. Results of genetic characterization of Cryptosporidium spp. and Giardia duodenalis and the respective number of cysts and
oocysts
bered Cryptosporidium spp. oocysts (data not shown). The region
has a high density of livestock farms favoring the cycle of para-
site amplification. The surface water collected from the rivers is
used as drinking water for the animals or used for agricultural
purposes, and the feces are directly released into the rivers or
reach it by runoff waters.
Systematic studies on the genetic characterization of both pro-
tozoans indicate that the genus Cryptosporidium includes species
that are infective for humans only (anthroponotic), humans
and animals (zoonotic), and other pathogenic species that are
not infective for humans [5]. Also, several G. duodenalis geno-
types are infective to humans (zoonotic genotypes), and others
are non-pathogenic [4]. Amplification and sequencing of genes
18S SSU rRNA for Cryptosporidium spp. and b-giardin for G. duo-
denalis has been used to identify the zoonotic species and geno-
types of the parasites [1,24]. Obviously, it is largely recognized
that there is lack of consensus about genetic markers for the cor-
rect assignment of the species and subspecies of Cryptosporidium
and Giardia. The gene markers (18S SSU rRNA and b-giardin)
are generally accepted as good markers mainly because they are
multicopy genes (18S SSU rRNA), restricted to these parasites
(b-giardin), and with fixed differences among Cryptosporidium
and Giardia species and subspecies (both genes). In our study,
in an attempt to produce relevant and comparable results, the
choice of 18S SSU rRNA and b-giardin genes, frequently used
by the most recognized researchers, was considered.
C. parvum (zoonotic) and C. hominis (anthroponotic) are the
most common human-infecting species reported in river water
samples in Europe, and C. andersoni is the animal-infecting spe-
cies [4,25,26]. The same studies indicated G. duodenalis assem-
blage A as the most common zoonotic genotype, and G. duode-
nalis assemblage E as the most common non-zoonotic geno-
type [10,13,17,25,26].
Our results suggest that the contamination of the surface waters
in the north of Portugal is highly significant. We have found
the zoonotic species of the genus Cryptosporidium described by
other authors [18]. In addition, there was higher concentration
of G. duodenalis detected by genotyping, with a greater genetic
diversity. Assemblage A was found in 7 PCR positive samples
(1 A-I and 6 A-II). The presence of the assemblage A-I has been
suggested as an indicator of water contamination by livestock,
while assemblage A-II has been considered a potential indica-
tor of water contamination by humans [4,13]. Nevertheless, in
the northern part of the country assemblage A-I have been found
in human samples [17], and assemblage A-II in bovine samples
[19,27]. Also, G. duodenalis assemblage B was detected in 4 of 8
samples. Assemblage B has been reported as a zoonotic geno-
type. The presence of infectious stages of this genotype in water
samples has been attributed to water contamination by humans
[4]. Assemblage E was detected in 2 samples associated with
assemblage A and B, suggesting a mixed human and animal
source of contamination.
C. parvum was detected in 2 of the 20 processed samples. This
species has a great zoonotic potential, and may have an animal
or human source of contamination. A few studies concerning
the biological reservoir (human and bovine) in the north of
Portugal have indicated C. parvum as an important pathogen
infecting the great majority of bovines as well as immunocom-
promised human patients [14,19]. Recent data suggest that sub-
genotyping tools may generate more information about the
zoonotic potential of C. parvum isolates, although there is still
lack of evidences on the usefulness of the generated data for risk
assessment [5]. C. hominis, considered an anthroponotic (human-
restricted) species, was detected in 1 sample. This species was also
reported in water samples and in human stool samples from
Portugal [14,18,28]. C. andersoni, a strictly bovine pathogen, was
detected in 16 samples; C. muris was detected in only 1 sample
suggesting water contamination by rodents.
Curiously, as previously mentioned, no PCR amplification
was obtained from 59 samples. This problem has been described
by other authors [29]. We have no clear explanation for that.
Our sensitivity analysis indicates simultaneously a lack of repro-
ducibility in the PCR analysis and the difficulty to achieve am-
plification in samples with low levels of contamination. It has
been suggested that sufficient amounts of DNA may not be pre-
sent (empty oocysts or cysts after excystation) or lack of PCR
amplification may be due to the presence of inhibitors of PCR
in the samples [30]. The IMS procedure applied over the sam-
ples for parasite isolation does not guarantee a complete purity
of the sample. Thus, optimization of DNA extraction and am-
plification protocols is warranted.
The results obtained in the present study suggest that cryp-
tosporidiosis and giardiosis should be considered very impor-
tant public health issues in the north of Portugal. Also, the genet-
ic characterization of Cryptosporidium spp. and G. duodenalis sup-
ports the possibility that there is a greater risk of infection by G.
duodenalis for humans, while Cryptosporidium spp. poses a greater
risk for animals. Thus, systematic monitoring of drinking water,
livestock, and human biological samples are needed for risk
assessment of both diseases. National Health Authorities should
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consider the urgent implementation of a national monitoring
program for microbiological quality of drinking water that in-
cludes Cryptosporidium spp. and G. duodenalis analyses. These
activities are fundamental steps to understand better the epide-
miology of the infection and to allow the implementation of
risk analysis models for those infections.
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